Functional recovery of glycine receptors in spastic murine model of startle disease.
Clinical variability is common in inherited gene defects of the central nervous system in humans and in animal models of human disorders. Here, we used the homozygous spastic (spa) mutant mice, which resemble human hereditary hyperekplexia, to determine the molecular remodeling of the spinal cord through the course of the disease, and develop a model for clinical disparity between littermates. The spa mutation is an insertion of a LINE-1 element in the gene for the beta subunit of the glycine receptor, Glrb. The insertion causes aberrant splicing in the beta subunit of glycine receptor gene with a consequent important reduction of glycine receptors. At young ages, all homozygous spa animals were spastic, showed loss of glycine receptors, increased expression of vesicular glycine/GABA transporter and NMDA receptors, induction of activated caspase3, and preferential loss of glycinergic interneurons consistent with neurotransmitter toxicity model. Those littermates that recovered from symptoms showed strong over-expression of the glycine receptor alpha 1 subunit (Glra1), and increased myelination and synaptic plasticity. Littermates that showed a deteriorating clinical course failed to over-express Glra1, and also showed relative loss of gephyrin (receptor clustering). These molecular changes were associated with a preferential loss of GABAergic interneurons, and extensive motorneuron loss. These data suggest that functional recovery is likely due to expression of homomeric glycine receptors, rescue from excitotoxicity, and subsequent neuronal remodeling. We propose that human patients with hyperekplexia show remodeling similar to that of the recovering spa mice, as human patients also show a lessening of symptoms as a function of age.